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Abstract
Background: This report is about the investigation of an outbreak of typhoid fever claimed three
human lives and left more than 300 people suffered within one week. The aim of this report is to
draw the attention of global health community towards the areas that are still far from basic human
essentialities.
Methods: A total of 250 suspected cases of typhoid fever were interviewed, out of which 100
were selected for sample collection on the basis of criteria included temperature > 38°C since the
onset of outbreak, abdominal discomfort, diarrhea, vomiting and weakness. Food and water
samples were also collected and analyzed microbiologically.
Results: Inhabitants of village lived in poor and unhygienic conditions with no proper water supply
or sewage disposal facilities and other basic necessities of life. They consumed water from a nearby
well which was the only available source of drinking water. Epidemiological evidences revealed the
gross contamination of well with dead and decaying animal bodies, their fecal material and garbage.
Microbiological analysis of household and well water samples revealed the presence of heavy
bacterial load with an average total aerobic count 106-109 CFU/ml. A number of Gram positive and
Gram negative bacteria including Escherichia coli, Klebsiella, Bacillus species, Staphylococcus species,
Enterobacter species, and Pseudomonas aeruginosa were isolated. Lab investigations confirmed the
presence of multidrug resistant strain of Salmonella enterica serovar Typhi in 100% well water, 65%
household water samples and 2% food items. 22% of clinical stool samples were tested positive with
Salmonella enterica serover Typhi
Conclusions: This study indicated the possible involvement of well water in outbreaks. In order
to avoid such outbreaks in future, we contacted the local health authorities and urged them to
immediately make arrangements for safe drinking water supply.
Background
Salmonella is most commonly involved bacteria in gas-
trointestinal tract infections. Its significant involvement in
human mortality and morbidity is a major health con-
cern. In 2006, The World Health Organization (WHO)
estimated incidence of 16 to 33 million typhoid fever
cases globally every year, with 500,000 to 600,000 deaths
and case fatality rate of between 1.5 and 3.8% [1]. With
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more than 80% of global cases, South Asia is the most
commonly reported region for the acquisition of typhoid
fever since 1996 to 2005 [2]. The rate of incidence is 110
cases/100, 000 population [3]. There are several hospital
based studies carried out in Pakistan that describe high
incidence rate of typhoid fever in children [4,5]. However
hospital based data does not reflect the actual disease sta-
tus in normal community. Especially in remote areas
where people live under low socioeconomic conditions
and without basic necessities of life such as water, food,
electricity and transport, incidence rate is much higher
and often associated with small disease outbreaks.
Consumption of unsafe drinking water and inadequate
sanitary conditions also contribute in increased rate of
typhoid fever. In remote places, people usually rely on pri-
vate and unsafe drinking water reservoirs for example
ground wells are frequently found in these localities and
act as only reservoir of drinking water without proper
quality check [6]. According to an estimate in 2003, water
borne infections claim 250,000 deaths each year in Paki-
stan among which typhoid fever is the leading cause [7].
In addition with high frequency and easy transmission,
typhoid fever outbreaks also accompany with the threat of
multidrug resistance. Multidrug-resistant (MDR) strains
of  Salmonella;  resistant to chloramphenicol, ampicillin
and trimethoprim are commonly observed since two dec-
ades and responsible for numerous outbreaks [8].
This study is based on the investigation of an outbreak of
typhoid fever occurred in Nek Muhammad village, situ-
ated 25 kilometer far from metropolitan city of Karachi-
Pakistan. Outbreak of typhoid fever claimed three human
lives and left more than 300 people infected within one
week.
Methods
Epidemiological Description of Area
Nek Muhammad village is a remote area situated 25 kil-
ometer far from borders of metropolitan city of Karachi-
Pakistan. The area is not well connected to the city due to
less established means of communication. Approximately
500 poor people, mostly adults between age of 20-45
years and children under 12 years of age reside in this area
with very limited facilities of water, food, electricity and
health care. In October 2004, an outbreak of diarrhea and
vomiting with high grade fever hit this area. Onset of
symptoms was rapid and infected more than 300 people
within 2 days. Local people contacted Edhi Foundation-
an NGO that immediately set up a medical camp to pro-
vide treatment and sent severe cases to local hospitals of
Karachi. Due to severity of symptoms like over dehydra-
tion three people lost their lives within 5 days. In order to
investigate the cause of outbreak, a team of microbiol-
ogists and medical professionals from Immunology and
Infectious Diseases Research Lab, Microbiology, KU vis-
ited the vicinity. We discovered a well in the locality which
was polluted with dead and decaying bodies of birds and
amphibians, their fecal material and garbage. The well
was only source of drinking water. The villagers also
informed us about their attempts to clean the well 2 days
before the onset of symptoms. We interviewed the
patients and collected various environmental and clinical
samples with the help of Edhi Foundation. The investiga-
tion was approved by the Ethical Review Board of the Uni-
versity of Karachi, Pakistan.
Sample collection and Inclusion Criteria
We gathered information regarding their general health
problems, onset of symptoms, daily activities, education
status, age and eating habits through hypothesis generat-
ing interviews. A total of 250 people were interviewed.
Due to small population size, we selected 100 patients for
stool sample collection who belonged to different age
groups and families and met the criteria of suspected
typhoid fever. Inclusion criteria included temperature >
38°C since the onset of outbreak, abdominal discomfort,
diarrhea, vomiting and weakness. Attack rate was also cal-
culated on the basis of age. Due to unwillingness of
healthy subjects to participate in investigation process, we
were not able to conduct case control study. Stool samples
were collected in clean plastic containers. A pea sized
material from each sample was also transferred to Cary-
Blair transport medium. Samples were immediately trans-
ported to lab and processed within 2 hrs of collection.
A total of 10 water samples were collected from contami-
nated well using five different water collection buckets.
Ninety well water samples, stored for different household
purposes including cooking were also collected from dif-
ferent houses.
Laboratory Investigation of Environmental Samples
Quality assessment of water samples was performed by
standard method [9]. Briefly, samples were processed to
determine total aerobic bacterial count by standard Pour
Plate technique. Presence of coliforms and Fecal E. coli
was determined by Most Probable Number (MPN) and
membrane filtration methods. In case of food items, 25
grams of each sample was weighed and transferred to ster-
ile flask containing 100 ml of phosphate buffer saline
(PBS). Samples were homogenized under aseptic condi-
tions. Three 10-fold serial dilutions were prepared from
homogenates to inoculate different culture media.
Media used for the detection of coliforms and Fecal E. coli
included MacConkey's broth, 5% sheep Blood agar,
Nutrient agar, MacConkey's agar and Eosin Methylene
Blue agar. Bile Echlin agar was used to check the presenceBMC Public Health 2009, 9:476 http://www.biomedcentral.com/1471-2458/9/476
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of fecal Streptococci. In order to find out possible involve-
ment of Salmonella, Shigella and Campylobacter, samples
were inoculated on Salmonella Shigella (SS), Xylene lac-
tose decarboxylase (XLD) and Campylobacter selective
media.
Lab Investigation of Clinical Samples
Diarrheal stool samples were analyzed microscopically
for the presence of ova and parasite(s). Bacteriological
analysis was performed for the detection of Salmonella,
Shigella, E. coli O157: H7, Yersinia, Vibrio cholerae using
MacConkey's agar, SS agar, TCBS agar and Sorbitol Mac-
Conkey's agar (Oxoid). Briefly, half pea sized samples
were inoculated on culture media plates and incubated
aerobically at 37°C for 48 hours. Samples collected in
transport swabs were used to inoculate Campylobacter
selective medium supplemented with 5% Sheep Blood
followed by incubation under microaerophilic environ-
ment at 42°C for 48 to 72 hours. Transport swabs were
further immersed in Selenite F broth (Oxoid).
Bacterial isolates from environmental and clinical sam-
ples were processed for identification using standard bio-
chemical reactions such as oxidase, triple sugar iron,
indole, sulfide, motility, citrate and urea hydrolysis.
API20E strips (bioMerieux, Inc.) were used for further
confirmation. Antibiotics susceptibility pattern was deter-
mined by standard methods [10]. Serotyping was per-
formed to identify Salmonella  strains using Specific
antisera (BD).
Results
Epidemiologic Investigation
An outbreak of typhoid fever hit remote area of Nek vil-
lage in October 2004 typically after 2 days of partial clean-
ing of reservoir well, the only source of drinking water in
the village. Well cleaning was performed only by physical
means. No chemical ingredient was used. The villagers did
not share any common exposure or activity such as food
and travel other than well water. Epidemiological analysis
of food items indicated no statistical association with out-
break. Despite of cleaning attempt, the well was found to
be polluted with dead and decaying bodies of birds, their
fecal material and garbage which supported our suspicion
regarding its involvement in disease outbreak. As shown
in figure 1, symptoms started after 2 days of well cleaning
which can be assumed as incubation period of the infec-
tion. Almost 300 people showed symptoms within 3 days
post incubation period. In order to control the infection,
500 mg of Ciprofloxacin was given per oral 12 hourly as
antimicrobial regime. In case of children less than 12
years of age, 10 mg of drug/kg of body weight was given
12 hourly. Treatment was initiated with intravenous infu-
sion in case of severely ill patients. Although, treatment
measures were initiated after 2 days of disease onset,
symptoms persisted for more than one week in most of
individuals and claimed 3 human lives. Among the
patients interviewed, 91% reported fever, 65% diarrhea,
98% weakness, and 42% vomiting and other symptoms as
listed in table 1. Analysis of attack rate indicated the
involvement of different age groups ranged from 6
months to 60 years as shown in table 2.
Table 1: Clinical symptoms observed among residents*
Symptoms Number of Residents (n) Percentage (%)
Fever 180 72
Diarrhea 163 65
Vomiting 107 42
Abdominal cramps 100 40
Weakness 245 98
Nausea 180 72
Sore throat or cold 63 25
Stomach Discomfort 205 82
* includes only those individuals who were interviewed (n = 250)
Percent of typhoid patients showing symptoms during the  outbreak Figure 1
Percent of typhoid patients showing symptoms dur-
ing the outbreak. (n = 300)BMC Public Health 2009, 9:476 http://www.biomedcentral.com/1471-2458/9/476
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Lab Investigation of Environmental samples
Water samples tested positive for total coliforms and
other fecal indicators. Total viable bacterial count ranged
from 106-109 CFU/ml of water which exceeded the stand-
ard limits of untreated potable water. Total viable count
was predominantly constituted with coliform bacteria,
however a number of other Gram positive and Gram neg-
ative organisms were also present in addition with normal
environmental flora. Microbiological analysis revealed
the presence of Salmonella enterica serovar Typhi in all well
water samples while 65% of household stored water
tested positive. The details are listed in table 3. Food items
were loaded with environmental bacteria but no coliform
was detected. Only 2% samples tested positive for Salmo-
nella Typhi. Figure 2 illustrates the presence of a variety of
bacteria in water samples for example Escherichia coli. No
O157:H7 serotype and other major gastrointestinal path-
ogens were observed. Other bacteria included Klebsiella
isolated from 65% samples, Bacillus species (82%), Sta-
phylococcus  species (45%), Enterobacter  species(64%),
Pseudomonas aeruginosa (85%) and others.
Salmonella enterica serovar Typhi strains were found to be
resistant to first line therapeutic drugs i.e. ampicillin,
chloramphenicol, co-trimoxazole/trimethoprim, how-
ever no ciprofloxacin and nalidixic acid resistance was
observed. Other coliform bacteria were susceptible
against a wide range of commonly used antibiotics
including gentamicin, ciprofloxacin, imepenem, pipera-
cillin/tazobactam, cefuroxime, and ceftriaxone. Ampicil-
lin resistance was prevalent among 75% isolates.
Lab Investigation of Clinical Samples
Due to initiation of antibiotic treatment prior to sample
collection, we decided to collect stool samples instead of
blood culture to increase the chances of pathogen recov-
ery. Moreover, majority of patients were not ready to par-
ticipate in blood sample collection. Salmonella Typhi was
isolated as sole pathogen from clinical samples. A total of
22 samples were found positive with MDR strains of Sal-
monella Typhi. However, the number of positive samples
is under representing the actual number due to antibiotic
treatment. Attack rate in different age groups was also cal-
culated on the basis of bacteriological analysis as listed in
Table 4. The data represents the recovery of organisms
from every age group which is in agreement with symp-
toms observed. No other significant pathogen including
Shigella,  E. coli O157: H7, Yersinia, Vibrio cholerae and
Campylobacter was isolated from stool samples. No evi-
dence of protozoal and parasitic involvement was
observed by microscopy.
Discussion
Drinking safe and healthy water is the right of every
human being. Unsafe drinking water and inadequate san-
itary conditions increase the risk of various public health
hazards such as typhoid fever. On the basis of literature
reviews and surveys, WHO estimates the involvement of
diarrheal diseases in 39% of total water, sanitation and
hygiene related disease burden worldwide. In Pakistan,
13.6% of total deaths are due to water sanitation and
hygiene [11]. Disease magnitude is higher and unquanti-
fiable in some remote areas where people usually rely on
private water reservoirs like ground wells without any
Rate of water samples being contaminated with various bac- terial species Figure 2
Rate of water samples being contaminated with vari-
ous bacterial species. Samples (n = 100). CoNS = Coagu-
lase negative Staphylococci
Table 2: Involvement of different age groups in disease outbreak
Age* Number of cases interviewed (n) Percentage (%) Number of cases selected for sample collection
≤ 6 months 11 4.4 3
up to 5 year 14 5.6 5
5-12 years 30 12 14
13-25 years 35 14 15
26-45 years 115 46 39
46-60 years 24 9.6 9
≥ 60 years 20 8 15
* includes only those individuals who were interviewed (n = 250)BMC Public Health 2009, 9:476 http://www.biomedcentral.com/1471-2458/9/476
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quality assessment. Most of the wells are not up to the
mark of safe drinking water [12,13] what we observed in
Nek Muhammad village.
In this study, laboratory findings, clinical symptoms and
epidemiological evidences link the presence of Salmonella
enterica serovar Typhi in contaminated well water with ill-
ness. We were not able to perform DNA fingerprinting of
Salmonella Typhi which was required to confirm bacterio-
logical findings. Moreover, no genotypic characterization
of E. coli and detection of viral pathogens were performed
due to limited funds which can be considered as main
limitations of our study.
The disease is not new for the region. There are several
reports regarding the prevalence of Salmonella Typhi in
different geographical locations of Pakistan [4,5], and
[14] for example in 1998, Luby et al reported the preva-
lence of typhoid in Karachi, resulted from high-dose expo-
sures from multiple sources [15]. On the contrary the
affected area in our study has never been reported for
typhoid burden before. Involvement of MDR Salmonella
Typhi strain is another health aspect to consider. Since
two decades, MDR S. Typhi strains have been responsible
for numerous outbreaks in several South Asian countries
including Pakistan, India, and Bangladesh [8]. Rapid
spread of MDR infection in small community like Nek
Muhammad Village can provide a niche for the spread of
antibiotic resistant strain among larger population.
Grossly contaminated and uncovered well, consumption
of un-boiled water, poor sanitary and domestic hygiene
conditions indicated the vulnerability of individuals.
Moreover, inadequate well cleaning by local people dis-
turbed the ecology of the natural source which increased
the bio-load of well water and resulted in the addition of
major diarrheal pathogens.
In order to prevent such outbreaks at global level, recently
WHO introduced several household water interventions
(HWST) including solar disinfection, bleach addition,
boiling and use of low cost ceramic filters. The program
not only benefits poor communities at individual level
but will also lead to a benefit of up to US$60 for every US$
1 invested [16]. Despite of large scale global efforts, situa-
tion cannot be easily controlled in rural areas like Nek
Muhammad Village where majority of the inhabitants live
in very poor economical conditions that doesn't allow
them to boil or treat water. We, therefore advised them to
at least filter the water through several layers of clean, fine
Table 4: Recovery of Salmonella enterica serovar Typhi from different age groups
Age No. of samples tested positive for Salmonella Typhi Percentage*
≤ 6 months 1 33
up to 5 year 1 20
5-12 years 2 14
13-25 years 3 20
26-45 years 13 33
46-60 years 2 22
≥ 60 years 0 0
*Percentage is calculated on the basis of samples collected from respective group
Table 3: Quality of clinical and environmental samples collected
Samples No. of samples (n) Average total viable 
count* 
(CFU/ml or g)
Total coliform 
Count *^
Samples positive 
for Salmonella Typhi 
(%)
Samples positive 
for fecal indicators# 
(%)
Clinical Samples 
(feces)
100 - - 22 -
Well water samples 10 3 × 106 - 1 × 107 ≥ 1800 100 100
Household water 
samples
90 5 × 104 - 4 × 107 ≥ 1800 72 65
Cooked Food 
samples
50 2 × 103 - 1 × 104 02 0
g = gram, CFU = Colony forming unit, * only for environmental samples, ^ was analyzed by MPN method, # fecal indicators include fecal E. coli and 
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cotton clothe before drinking till the time they get proper
arrangement. Later, a local NGO transported safe drinking
water tankers to the vicinity. We also contacted local
health authorities to immediately set up teams to visit the
suburb and educate people about proper method of well
cleaning as well as make arrangements for supplying safe
drinking water. The incidence was publicized in media
but no foreign health watchdogs were informed formally.
Pakistan is the country of growing geographical impor-
tance in these days. Provision of good quality life is not
only better for the country but also important for the
world community. Although, provision of quality educa-
tion and poverty alleviation programs are government pri-
orities, it is important to keep continuous vigilance in
remote areas where people still live under inhumane con-
ditions and provide them basic necessities of life. Reach
and experience of local NGOs to such areas can be very
helpful to bring up strong and sustained health reforms.
Conclusions
Our study presented the link of contaminated well water
with the outbreak of typhoid fever in a remote village
which claimed three human lives and left more than 300
people suffered within one week. In order to avoid such
incidences in future, we contacted the local health author-
ities and urged them to immediately make arrangements
for safe drinking water supply.
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